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We study the evaporation process of a 2D black hole in thermal equilibrium when the ingoing radiation is 
switched off suddenly. We also introduce global symmetries of generic 2D dilaton gravity models which generalize 
the extra symmetry of the CGHS model. 
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1. INTRODUCTION 

In recent years it has been a lot of activity 
in the study of two-dimensional dilaton gravity 
models. The string-inspired model of Callan, 
Giddings, Harvey and Strominger Q is the sim- 
plest model that describes the formation of black 
holes by gravitational collapse. The existence of 
an extra symmetry for the CGHS model plays a 
fundamental role at the classical and quantum 
level. The one-loop quantum corrected model 
of Russo, Susskind and Thorlacius Q was con- 
structed to preserve the free field associated with 
the extra symmetry and the classical ground 
state. The model of Bose, Parker and Peleg || 
also preserves the extra symmetry but describes 
an evaporating black hole with a non-flat remnant 
geometry. 

The content of this work has two folds. In Sec- 
tions 2 and 3 we shall study the one-parameter 
family of models interpolating between the BPP 
and RST models Q| and the exponential model 
(5||^| respectively. However, instead of studying 
the evaporation of a black hole formed by gravi- 
tational collapse we shall analyze the semiclassi- 
cal evaporation of a black hole initially in ther- 
mal equilibrium when the incoming thermal flux 
is switched off suddenly. In Section 4 we intro- 
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duce global extra symmetries for generic 2D dila- 
ton gravity models, aiming to generalize the ex- 
tra symmetry of the one-loop corrected theories 
of the CGHS model. 

2. THERMAL BATH REMOVAL IN 
THE BPP-RST MODELS 

Let us consider the one-parameter family of 
models interpolating between the BPP and RST 
models 101, 



S = So + S f 
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where So is the classical CGHS action 
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Sp is the Polyakov term and a is an arbi- 
trary real parameter. In the conformal (ds 2 = 
—e 2p dx + dx~) and Kruskal gauge (p — 4>) it is 
very easy to see that the above models admit the 
following solution 



e -20 + ± = -\ 2 x+x- + M 
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which represents a black hole in thermal equilib- 
rium at temperature T = We can now remove 
the thermal bath by introducing a discontinuity 
in the boundary condition 
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In this way we get the dynamical solution (for 
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It can be seen that the 



curvature singularity and the apparent horizon 
intersect at the point 
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The evaporating solution can be continuously 
matched to the static solution 
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with the emission of a thunderpop at the inter- 
section point with negative energy B,h„ nd crpop = 
— Aj, independent of the initial state. The rem- 
nant geometry (|l7J) coincides with the one ob- 
tained in the process originated by gravitational 
collapse. 



3. THERMAL BATH REMOVAL 
THE EXPONENTIAL MODEL 
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The semiclassical theory of the exponential 
model n is given by the action 
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where Sp is the Polyakov action. The classical 
limit 
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arises as a theory with the conformal extra sym- 
metry 



(14) 



The action (12) contains the adequate countert- 
erms in order to preserve this symmetry when we 
add the Polyakov action, in analogy to the BPP- 
RST models. In absence of matter and taking the 
boundary conditions t± = we have the solution 
(in Kruskal gauge, 2p = j3(jj) 



ds 2 



dx + da 
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where 7 = V (l + tt) • H C < (and A 2 < 0) 
it represents a black hole in thermal equilibrium 
with mass M = j^VC and temperature Th = 



^-M proportional to its mass. We now introduce 
the boundary conditions and (in order to 

simplify calculations) the incoming shock-wave 



T ++ = 
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With these ingredients and in the limit N(3 >> 1, 
we get the solution (for x + > Xq ) 

(4) 1/2 

-dx+dx-. (17) 
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One can check that the curvature singularity and 
the apparent horizon do not intersect each other 
at any finite point. In contrast with the BPP- 
RST models the asymptotically flat coordinate 
<7 + at past null infinity is not the same as for the 
initial solution implying that the incoming flux 
has not been actually removed. In fact, it can be 
seen that (with an adequate choice of the point 
Xq~) the incoming flux starts to decrease continu- 
ously at X~^~ — Xq . vanishes at a certain time xt 
and for x + > xf becomes a small negative flux 
which goes to zero at infinity. The incoming flux 
cannot affect qualitatively the result because at 
late times it becomes negative and even so the 
black hole does not evaporate. 

We notice that recently a procedure of ther- 
mal bath removal [11 has been applied to the 
Schwarzschild black hole by applying an opera- 
tor formalism B to quantize the Vaidya solution. 

4. EXTRA SYMMETRIES 

The action of the exactly solvable models (Q) 
can be rewritten as follows 



S = Sn 
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+ ^ae- 2 ^+S P (g tlu ), (18) 

where g^ = g^e^ 2 ^ is an auxiliary metric which 
is invariant under the symmetry transformation 

5<t> = ee 2 *, (19) 
6 9fll/ = 2eg^e 2 *. (20) 

This simple reconstruction of the one-loop quan- 
tum corrected CGHS models suggest to investi- 
gate the existence of additional extra symmetries 
for generic 2D dilaton models to construct solv- 
able semiclassical models. 

The general 2D dilaton gravity action can be 
written (through a conformal reparametrization 
of the metric M,[LjiJ) as: 
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In conformal gauge this action can be identified 
with a 2D sigma-model action fl^H 
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where (p, <j)) play the role of target-space coor- 
dinates and the target-space metric is fiat. The 
condition for the existence of a symmetry in these 
models p2| gives in this case 



d 2 IogV(0) 



= 0. 
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which has the general solution V — 4A 2 e /3< ^ with 
A, (3 constants. For (3 = we recover the CGHS 
model while for (3^0 we have the exponential 
model. 

By direct computation one can check that the 
action ( |2l| ) posseses the following extra symme- 
tries for an arbitrary potential 
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where ^4 = V{4>), which close down to a non- 
abelian Lie algebra in which S 2 is a central gener- 
ator, but 5\ and ^3 generate the affine subalgebra 
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These three symmetries imply the existence of 
three free field equations which are 
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With the aid of this metric we can construct a 
semiclassical action invariant under 5 by coupling 
the matter conformally to this invariant metric 

S = S DG (g (g) , <j>) 

1 N r 

+5 P (5) , (33) 

where Sdg is the action (|2l|). This action is in- 
variant under the transformation 
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and is the natural generalization of the BPP 
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